This document provides the following supporting information:
. Validating the TraPPE model and Peng-Robinson equation of state at 298 K. Green squares are experimental measurements of methane density as a function of pressure 45 . The black curve is the calculation using the Peng-Robinson equation of state. Red circles are calculations from Grand-canonical Monte Carlo simulations in an empty box (i.e., no adsorbent framework) using the TraPPE potential for methane. A) The free volume of our model material increases with increasing pore size, as the carbon atoms in the shell occupy a lesser fraction of the material volume. Here, the void fraction of our material is defined as the volume in a sphere of radius (R-r c ) divided by the unit cell volume, a sphere of radius R. The quantity r c = 1.7 Å is the van der Waals radius of carbon. B) The methane loading (in units of molecules per unit cell of our model material) as a function of pore diameter. Colors distinguish different pressures. A plateau occurs in the approximate diameter range of 5-7 Å, where the pore becomes large enough for one methane to fit, but not large enough for dual occupancy. As a result, there is little change in loading when the pore size increases from single to double methane capacity. C) Computed methane adsorption isotherms for models of varying radii. D) Computed methane loading at four different pressures as a function of the model pore size. Horizontal dashed lines indicate the density of bulk methane gas at the respective pressures.
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